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Hmwy thePd;nr; sysmhasbeakatmﬂmlyv stigated of
Mymmmmm@ymmmmmmmmﬁ
hy@agenatmsmﬂwfec[mmﬁnam]?dk'm The phase diagram for
rmation of PdHy is relatively simple: two phese pure regions exist when
x < 0.008 (o-hydride) and when x 2 0.607 (-hydride], with both phases coexisting
ntermediate values of x. Structurally, hydrogen has been found to accupy |
wﬁahedrdnﬁesmlhefmpaﬂa&mmmmmea-mdﬂ—hydndephmes
with a concomits “Mﬁmmmmmmma
both hydride phases is fcc and has the appearance of twu interpenetrating fcc
lattices - Pd centered at (0,0,0) and H, at EIIZ,I.KZ‘MZ‘]. When all octahedral sites are
- eccupied, X = 1.0. An excellent review of the Pd/H, system has been writtzn by
Buxing the past two years, a great deal of interest has been piqued by the
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; action is a particalarly wseful technique for this case, and
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An electrochemical cell, with a wrought Pd rod [Johnsen Matthey (AESAR
msﬂ,ggse% pure, 5.0-cma long, 0.63-cm diameter] as cathode, Pt anode, and
mmg L HOB-sat MDgO m&mnm E.m].aﬂ contsined




chamber of the General Purpose Powder Diffractometer (GPPD) at Argonne’s IPNS
wammdmmmmmmm
Special Environment Hractometer, is shown in Fig. 2. The GPPD utilizes

mMMWmMMmMnMW
* (20s) relative to the incident neutron beam and all wuvelengths from the pulsed

The in sitn neutron diffraction deta indicate that: (1) the orientation of the
crystallites in the Pd rod is net randem ner is it amenable to a simple preferred
ememaﬁenmdel which Emits the ability to extract quantitative structur
rmation from the data - Rmmldmakym%smmg[wo][lw]temm
dtrec&msmsmgtheMmhimcmﬁdze wmmmevngnl’dmdwas

msmmmmwmxmwmaﬂmmm
EFmam]nmtceﬂs[seehg.S],mdw]ﬁeohsewedEmgg'esﬁam B-PdDy
: .  with deuteriam ctahedral lattice sites. Figare 4
showslhechamaccmngmﬁwzzeﬁmg efiection as a fnnction of charging
. Tl e e phase begins to form after about 2.5 h of charging, while the
fmnmumda—deumndewemwbemnpﬂnmﬁm the resolution
of the data is limited by the sample, making it impossible to distinguish between
the Pd and o-PdDy phases - the full width at half-madmam (FWHM) of the 22 0
reflection shows virtually ne variation with charging time. The FWHM for the 2 2 ©
refiection of B-PdDy shows some variation with charging time, and it is about twice
aslargeas ﬂmtim'ihe-?’d/a deuteride.

. ‘ . | into or istribe -changemﬁmmple.ln
strmbmademng,ihefﬂﬂafﬂlepeaksvmmwﬁonwd,whﬂe
smehmademngnsmdentzfﬁevm&moﬁhe%mmlmdz.m




depicted in Fig. 5. The 8-deuteride phase is broadened by about a factor of 2-1/2
relative to the GPPD resolation at 20 = +90°, while Pd/c-dewteride peaks are
margineally broader than GPPD resolation. Thevmdtef'w}mwﬁhdfm
menmmwﬁammmmmm sbsarptior

memmmwﬁmzzeammw,mmwu
aormalized by F2 for 2 2 0 of Pd, should provide an approximate
i bsorbed by the Pd cathode. Figure 6 shows this ratio

the 3 i A ation of deuteriam in the Pd cathode as a function of
mm!&ﬁaﬁz.ﬁhﬁm:cml’i}xn meanately 0.2, still well

within the mixed phase region of the phase diagram.
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than 0.7. TMWmhamdam gnknow
metastable phase in the PdI) system, formed in the cathode under these




W.Taxwmmmmduﬁmm
iniﬁdlytnadwmimn : dmmaﬁdyo.a measured for
Wm&telyoneheurwﬂhthe@l‘m and returned to the cell for subsequent
charging. Three such measurements were performed over a period of
inconclusive, but they do not rule out the pessible presence in the rod at these
deuteritan concentrations of a metastable deuteride phase with an Fm3m structure
3-pelladivm deuteride phases.9
spherical harmonics. 10 We are hopeful that the incorperation of this formalism
into the IPNS Rietveld analysis software packagell will allow the present and any
future experiments on this system to yield quantitative struchmral information.
Another possibility to circumvent the preferred orientation problem would be to
electrochemnical bebavior of such a material would provide another variable in the
experiment.
meMMWmmmhmﬁmmmm
mmmmmm«m%%n
ncentrations greater than 9.7 in the palladium cathode and to chserve
thestmctmaibehavmof?@xfarxvﬂwdlﬂmdbeymd.lnmmd

: nately 128 h of charging, macroscopic strain in the Pd
cathodecausedthe quartztnbetobreakmdtheceﬂtofaﬂ.
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Fig. 1. The elect-ochemical cell used in the in situ neutron messurements. The
electrical connections ave made on the back side of the cell.

Fig. 2. wmm‘mmmduam.hh
mounting track, centered at 20 values of +148°, +90°, +60°, +30°, and -20°

Fig. 3. Comparison of neutron diffraction data from the Pd cathode of the
electrochemical cell collected on the GPPD in the 20 = -90° detzctors before
charging (bottom curve) and after charging for 62.6 b (upper curve). 2 x 104 counts -
have been added to the upper curve to displace it from the lower curve. Both
Wammaﬁmd’by&emmmﬁmmmmmBm
reflections are identified in each pattern. "« indicates a reflection from the
Pd/a-deuteride phase, and "f", from the f-deuteride phase.

Fig. 4. The variation of the 2 2 0 Bragg reflection with charging time. The labeling
is the same as that in Fig. C. Each spectram is nermalized by the incident neulron
fiux and normalized to the spectrum at 0 h. Data were not collected between 15
and 40 h and between 53 and 56 h.

Fig. 5. The variation of FWHM with d spacing for the Pd/a-deuteride [circles)
and p-deuteride [squares) phases after 62.6 h of charging. Ervor bars bave been
plotted for all points; some are smaller than the plotting symbel. Dashed lines
through the peints indicate the best linear fit to the points. The instramental
resokmfmthemm +90° detectors is also shown.

Fig. 6. Thvm&mdﬁer&odﬁemﬂmed[mm]mmdmm
of the 2 2 0 refiection from the fi-deuieride phase to that from the Pd/c-deuts

phase with charging time. The secondary axis is the approximate concentrat
deuteriam in the Pd cathode (x in PdD,J. Embarsmmaﬂerﬁkanmeplmtmg
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